An approach to fabricating pseudoperiodic antireflective subwavelength structures on silicon carbide by using modified resist as etching mask is demonstrated. The etched submicron structure is a mesh-trenched pattern thus as the so called "mesh patterning etching". The mesh patterning process is more time-efficient than the e-beam lithography or nanoimprint lithography process. The influences of the reactive-ion etching conditions and post bake temperature of the resist film to the sub-micron structure profile and its corresponding surface reflectance have been systematically investigated. Under optimal experimental conditions, the average reflectance of the silicon carbide in the range of 390-800 nm is dramatically suppressed from 40% to around 8% after introducing the mesh patterning sub-micro structures.
Introduction
Silicon Carbide (SiC) has proven to be one of the most promising candidates for the fabrication of ultraviolet (UV) sensitive detectors, intermediate band solar cells and light-emitting diodes (LEDs) owing to its extraordinary properties, such as wide bandgap, high breakdown electric field and excellent physical stability under extreme conditions [1] [2] [3] [4] [5] [6] . In order to expand the application range and improve the cost effectiveness, it's very important to enhance device efficiency. Due to the large refractive index discontinuity at the air-semiconductor material interface, SiC UV detectors and solar cell devices have a large surface reflection [5] [6] [7] [8] and LEDs usually suffer from low light extraction efficiency because of the total internal reflection. A broadband antireflection or light extraction improvement can be achieved by applying a stack of antireflection coatings with appropriate designs [6] [7] [8] . However, this material system is limited by the availability of materials with suitable refractive indices and thermal expansion coefficients. Moreover, such coatings worked only ________________________ in a limited spectral range, and more efficient reflection reduction in a broad spectral range has been achieved by surface texturing. Surface sub-wavelength nanostructures has been proven to be an effective way to reduce the surface reflection on UV detectors and solar cells [7] [8] [9] [10] [11] [12] or to enhance the light extraction on LEDs [5] [6] [7] [8] [9] [10] [11] . Surface nanostructures can normally be manufactured by wet or dry etching. In principle, the wet etching of SiC can be done only with molten KOH at over 500°C, which is not a practical method. For that reason, dry etching with fluorine species, such as SF6, or CF4, is considered as the desirable method to form the textured surface of SiC. In order to fabricate the nanostructures on SiC substrate, a nano-scale patterning process such as e-beam lithography, nanoimprint lithography, or nanospheres lithography [13] [14] is usually indispensable to create a mask layer for the subsequent etching process. However, e-beam lithography and nanoimprint lithography are not appropriate for mass production due to its high cost and time consumption. Using thin metal films (such as Au, Ag or Ni) to create a self-assembled nanoparticles micro mask layer for the subsequent etching process has been reported to be an effective method to create nanostructures [15] [16] . But this kind of process would introduce deep level traps and undermine the device performance, as well as creating heavy metal pollution and high cost.
In this work, we demonstrate submicropattern formation by using insufficiently baked resist as etching mask on a SiC substrate which is a promising antireflection technology for UV detectors, solar cells and LED applications. The etched submicrostructure is a mesh-trenched pattern, and thus it is called "mesh patterning etching". The mesh patterning process is more time-efficient and low cost. The mesh patterning etch process and optical properties of nanostructures were also studied.
EXPERIMENTS AND RESULTS
The fabrication flow of mesh patterning antireflection structure on SiC substrate is schematically illustrated in Figure 1 . An AZ5214E PR coating (1.5um) was deposited on the 4 inch SiC wafer's surface by a SUSS GAMMA coating tool and followed by an insufficient post bake with a convection oven. The post bake temperature and timing is quite important for different structure of the mesh patterning surface. Usually if you use AZ5214E resist as a mask for trench etching on SiC wafers, the suggested post bake temperature and timing would be 120°C and around 30 mins. But in this experiment, we purposely an insufficient AZ5214E resist post bake, as so called "adjusted post bake".
Next, an inductively coupled plasma (ICP) reactive ion etching process with SF6 and O2 plasmas was applied and the sub-wavelength antireflective structures were formed on the SiC surface. During ICP etching the insufficient baked AZ5214E PR layer is attacked by ion bombardment. Due to the remaining solvent within the photoresist, and the instant surface high temperature occurring with the SF6 and O2 plasmas, AZ5214E PR layer shrinks and crosslink, forming mesh patterned of non-uniformed thickness, and is discontinuously eroded, while the SiC surface is etched, when exposed to the plasma (Figure 1 ). The thinner area PR film was etched over and exposed the substrate SiC, and the thicker area PR film acts as hard masking material, which is so called "micromasking phenomenon". Thus, a mesh-trenched patterning is forming on the SiC substrate. Thereafter the resist residual is removed by using RCA cleaning process. 
CHARACTERIZATION AND RESULTS
The antireflection surface (ARS) performance of mesh patterned nanostructures depends on the landscape (height, shape and density) of surface nanostructures [17] . The landscape of nanostructures on experiment wafer was characterized with SEM and FIB (Helios Nanolab 600 DualBeam) tool, as referred to Figure 2 and Figure 3 accordingly. With the post bake condition, we could form a perfect mesh patterned sub-micro structure on the SiC substrate surface.
In order to achieve a landscape with significantly suppressed reflection, an optimization sequence has been followed. Firstly, the PR post bake temperature and timing has been optimized, with the following fixed ICP conditions: ICP power of 1500 W, RF power of 100 W, chamber pressure of 10 mTorr (mT), total gas (SF6 and O2) flow rate of 25 sccm, oxygen percentage 20% and process time according to the PR thickness.
The process time was defined by the trial and error experiments and has been fixed to the value where the thinner area resist masking was totally removed and certain depth of trench were formed. Secondly, the ICP parameters (power, pressure, oxygen percentage, total flow rate) have been ramped respectively and the influence of each parameter was tested in terms of average reflectance for the visible range. The surface reflectance of bare and ARS SiC samples was measured with a calibrated reflectance spectral system (IISB tool K-MAC ST5030-SL) at near 90° for the wavelength range of 390-800 nm. A halogen lamp was used in the K-MAC tool as a broadband light source. As showed in Figure 4 , the average reflectance of the silicon carbide in the range of 390-800 nm is dramatically suppressed from 40.0 % to around 8 % after introducing the mesh patterning sub-micro structures. 
CONCLUSIONS
In summary, a time and cost efficient nanopatterning method by ICP dry etching applied to an insufficiently baked PR film masking has been demonstrated on 4 inch 4H-SiC wafer substrates. Mesh-pattern-nanostructure surface is formed this way which has a trench depth ranging from 200nm to 300 nm, with strong antireflection performance. The influences of the reactive-ion etching conditions and post bake temperature of the resist film to the sub-micro structure profile and its corresponding surface reflectance have been systematically investigated. Under the optimal experimental conditions, the average reflectance of the silicon carbide in the range of 390-800 nm is dramatically suppressed from 40% to around 8% after introducing the mesh patterning submicrostructures. Such a mesh nanopatterning method is quite a promising technique which could also be applied on other optoelectronic materials or devices.
